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1. SUMMARY

The objective of this program is to design, dewelop, and deliver
rmulticell regenerative hydrogen-oxygen fuel cell assemblies to the Jet
Propulsion Laboratories, Pasadena, California. The work is being carried
out under JPL Contract 950258 (Fuel Cell Assemblies).

The nmajor accomplishments during the first quarter consisted of the
mechanical design of the first multicell unit as well as the material
studies and component tests for this unit. Fabrication techniques and
test procedures were established for all component parts.

The major accomplishments during the second quarter consisted of the
fabrication, assembly, and preliminary testing of the first full scale
prototype unit. Heat transfer design calculations were also conducted

5t

: < . i S P — E - P - P . 3
during this period, This rdpori desuribes reseite of work performed

the reosite of work o
for the three month period from 1% October 1962 to 15 Januarv 1963,

The major accomplishronts during this period consisted of testing the
first full scale protetype unit, conducting additional single cell
component tests, as well as initiating the development of the final
units. A total of 25 cycle tests have been conducted on the first
prototype {(which contains 31 geries connected cells). The power cutput
of this unit was found to range from 28 watts at 1 amp to 176 watts at
8 amps. Typical operating voltages at 4.5 amps (30 m.a./cmz) are 51
volts (1.64 volts/cell) on charge and 25 volts (0.8 volts/cell) on
discharge. The upper capacity limit of this unit was found to be 20 amp-
hrs with little or not flocat charge., The {locat charge requirements were
found to increase rapidly with state of charge bevond the 25 anp-hr level,
The lower discharge linit was found to be equivalent to approximately
8 amp-hrs. Studies werec initiated to determine the cause for the

inability of the unit to discharge below this level. Charging voltages
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were found to be relatively constant (within a few percent) from the
beginning to the end of the charge period. Discharge voltages were alsc
found to be constant (within a few percent) for the major portion of the
discharge period. A gradual decline of voltage was observed near the end
of the discharge period. Single cell component tests have indicated

that significant increases in the upper capacity limit may be achieved
by increasing electrolyte bed thickness. The bed thickness of the final
units will be double that of the current prototype. Development of

these units was initiated and has proceeded on schedule, Assembly and

test of the first such unit should be conducted in early February 1963,

[V
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2. DESCRIPTION COF CELLS

The following section contains a description of the first full-scale
prototype as well as the final units which are currently being fabricated.

2.1 Prototype

The first full-scale prototype is shown in Fig. 1. The two gas

cylinders are made cof 304 stainless steel and iave internal diameters
of 12-1/2 inches and wall thicknesses of 3/8 inch. The large cylinder
clclolni the cell stack and centains hydrogen while the small cylinder
encloses the teflon bellows and contains oxygen. Twelve-bolt holcs
are located in the flanges of each of the cylinders as well as the base
plate. The unit is fastened topether with 1/2 inch high strength bolts
and flexloc nuts.

The base plate is also made o!f L34 stainless and oontains pas
passages to connect the hydrogen and oxygen manifolds of the cell stack
to their respective gas chambers. The same passages are alsc connected
to external fittings in order that the unit may be operated in the
primary mode of operation as well as for the initial flushing procedure
during startup.

Thie unit contains 31 series connected cells. The cylinders
and base plate are connected to the positive terminal of the cell stack
and an insulated lead passes through the base plate and is connected
to the insulated center bolt through the cell stack, which in turn is
connected to the negative terminal of the cell stack.

The cell spacers (7 inches diameter and 1/4 inch thick) are
made of nickel plated lucite (Plex 55). The main hvdrogen and oxygen

manifold holes are located opposite each cther on the outside edge of

cach spacer. Small O-rings are used to seal the manifold passages.
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Inlet hydrogen and oxygen manifolds within each spacer connect the main
manifold lines to their respective electrodes.

Both hydrogen and oxygen electrodes are identical and consist
of platinized porous nickel with 50 mg of platinum black per square inch.
The diameter of the clectrodes is 5-3/4 inches and the thickness is 22
mills. A two-inch diameter hole is cut in the center of each electrode.
The electrodes fit within a recessed area on either side of cach spacer.
The electrolyte bed consists of two layers of sheet asbestos impregnated
with 26 percent potassium hvdroxide solution at 0.60 gms of solutipn per
square inch. The outside diameter of the asbestos layers is 6-1/4 inches
and the thickness of cach sheet (in the dry state ‘before impregnation)
is 1/32 inch. A 1-1/2 inch diameter hole is cut through the center of
each layer.

A teflon bellows I8 fagtened to the back side of the base plate

and serves as a pressure equalizing device for the gases within each
chamber.

2.2 Yioal Punits
he final unitg will be esscnfially the same ag the first fulil-

scale prototype. There will, Lowever, be two differcaces, he first
is that each cell of the final units will contain four lavers of the
potassium hydroxide impregnated asbestos (as compared with two lavyers
for the prototype). The second is that the material of construction
of the gas cylinders and base plate will be an aluminum allov, 6061-T6,
for the f{inal unit (as compared with 304 stainless for the prototype).

One minor difference is that the negative electrical lead will
be taken out via a copper lead wire which passes through an insulated
gland within the flange on the hydrogen cylinder.

The final unit will contain 38 cells. The weight of the complete

unit is estimated at B0 pounds.
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3. PROTOTYPE TESTING
The following section gives the results of all tests conducted on the
first full-scale prototype assembly,

3.1 Preliminary Tests

As indicated in the last quarterly report (3070-Q-2) the first
prototype had been zssembled with a stack of 34 cells, and preliminary
cycle thests were initiated in the true secondary mode of operation.

The first such tests consisted of several short cycles at the 2 amp-hr
level. During the last day of that reporting period, a ionger cycle at
the 10 amp-hr level was initiated. 1TIn this latter test, the unit was
placed on stand overnight at the 10 amp~hr state of charge (which corres-
ponded to gas pressure near 100 psig). At the end of a 12-hr stand, it
was observed that 2 small leak had developed within the large O-ring
groove in the cvlinder flange and had caused the gas pressures to drop
from 100 to 80 psig.

The unit was subsequently disassembled, the surfaces of the
flanges were rcmachined, and the surface of the base plate was polished
in order to provide a better 0O-ring seal.

Before continuing with the longer cvcle tests at the 20 and 30
amp-hr levels, a proof test was conducted on the newly machined gas
cylinders. This test consisted of filling the gas evlinders with water
and then applying nitrogen gas pressure at 600 psig. The test resulted
in the deformation of the flanges and subsequent leaks within the large
O0-ring. The deformation of the flanges made it impractical to attempt
to repair them. New cylinders with ﬁhicker and stronger flanges were

immediately designed and sent to an outside vendor for fabrication.

3070-Q-3 6




3.2 Rework

During the period required for fabrication of the new cylinders,
it was decided to make slight modifications upon and thereby improve
the performance of the cells within the stack. Tha unit was then
completely disassembled and the following modifications were made.

First, the old set of electrolyte beds was discarded and a new
set was prepared. The new set was made with a slightly smaller outside
diameter (1/16 inch less) and a slightly larger inside diameter (1/1%6
inch greater). The purpose of this change was to reduce the amount of
asbestos on the sealing area within each cell and thereby increase the
per unit area compression loading.

Another modification was carried out to‘S!iv.lt the breakdown
of the battery terminal as described below. During the ccurse of
assembling the cell stack, it had been obgerved that a smalli amount of
electrolvte had been dislodged from the celils, drained to the bottom of
the center tie bolt and become absorbed and veacted with the phenolic
bushing which serves as an iasulator between the battery terminals. When
the assembly was charged in the 50 to 60 volt range, this bushing had
become burned out and caused an internal short circuit. In order to
prevent this phenomena from occurring again, the amount of clectrolyte
added to each cell was controlled at a lower level (1 gm less than the
previously employed amount of 20 gms) and as an added measure the phenolic
bushing was replaced with a nylon bushing which is inert to the basic
electrolvte,

A final modificaticn consisted of cleaning all of the electrodes
by immersing each one several times in boiling distilled water. This
process had been experimentally shown to restore the activity of used
electrodes which had been exposed to the atmosphere. The lelchlng.

process removes the excess film of KOH solution and possible contaminants
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such as CO, which may have been absorbed on the surface by exposure to
£

the atmosgphere.

3.3 Reassembly
Upon re-inspection of the nickel plated plastic spacers, it was

found that there werc three which were defective and were therefore

discarded. Two of these spacers had been adjaceunt to the phenolic bushing

and were damaged slightly bv the internal electrical short. The third

was excessively corroded on {ts surface. The cause for the corrosion

must have heen an incomplete nichel plating which caused access and
subsequent reaction of the potassium hyvdroxide soluticn witii the substrate
copper layer. The unit was therefore reassembled with 31 ~f the original
34 cells.

The stack of 31 cells wee then mounted on the base plate and
voltage preobes were made of each of the cells for the quasi-secondary
type of coperation as described previously. On discharge at 2 amps and at

10 psig gas pressure, the voltages of 30 of the cells ranged from 0.77

to 0.96 volts and the voltage of one cell was 0.65 volts. On charge at

4.0 amps, the voltages ~f all 31 cells ranged from 1.59 to 1.62 volrs,

)

e unit was tuen cvcled once at the 20 amp-hr Jevel and this rwde of
operation was terminated,

The tefleon Pelicws was mounted on the btase plate as shown in
Figure ! and the assembly was placed within the new gas cylinders. The
completed assembly was instrumented with hydrogen and oxvgen pressure
gages and two thermocouples; one of which was in contact with a cecll
inside the gas cylinders and one of which was in contact with the outside
surface of the gas cvlinders. The air within each of the gas cvliinders
was replaced with 1 atmosphere each of hydrogen and oxvgen gases by
flushiing each cylinder with its respective gas for several hours at {low

rates of 10 cth. The complete assembly was then ready for true secondary

operation.

3.4 Voltage-Currcnt Characteristics

The voltage-current characteristics ¢f the unit were mcasured

at the end of a 10 amp-hr charge of the first cycle (with gas pressures

3070-Q-3 8

PR



near 90 psig). The results cof the voltage-current mcasurements for both
charge and discharge are shown in Pig. 2. The results indicate that

the voltage and power cfficiencies (which are nearly identical for the
cell) would be approximately 61 percent for a constant current cycle at
1.0 amp and 41 percent for a constant current cycle at 8.0 amp. The
results also indicate that power outputs ranged from 28.5 watts at 1.0
amp to 176 watts at 8 amps (for 31 cells). The results may also be
expressed in terms of volts per cell versus current density. Typical

opvrating points at 30 m.a./cm2 are 0.8 volts/cell on discharge and 1.64

volts/cell on discharge.

3.5 Voltage-Time Characteristics

The voltage-time characteristics of the unit for a complete
charge-discharge cycle are given in Fig. 3a. The charge portion of the
cycle was conducted at 6.0 amps and the discharge was conducted at 4.0
amps for the major portion of the discharge period. During the latter
éortion of the discharge period when the terminal voltage began to decline,

the load was reduced to 2.0 amps and finally to 1.0 amp when the load
was removed.

It should be noted that except {7 3 short period of time at
the beginning of charge, as well as the beginning and end of discharge,
the terminal voltage is relatively constant for the major pertion of both
cliarge and discharge periods. Although no attempt has been made to
explain the gradual rise and decline of veltages at the beginning of
charge and discharge respectively, it should be pointed out that these
characteristics correspond to those of single cells and also the same
characteristics are noted on other types of secondary batteries. One
possible explanation may be the build-up and decay of surface films of
compoundg other than hvdrogen and oxygen at lower voltages than that
required for thc evolution of these gases on charge and at higher voltages
than that attained By the reacticon of these gases on discharge. Simi-
larly, no complete explanation is available for the rapid decline in
terminal voltage at.the end of discharge even with residual gas pressures

“w

although some investigations are currently being conducted to explain
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this phenomeng. It is possible that an accumulation of inert gases within
the electrodes increases during discharge to such an extent that after
approximately 10 amp-hrs of discharge, the concentration of inerts with
the clectrodes is so high as to cause the "limiting current" of the

electrodes to be recached, and a corresponding rapid decline in terminal

voltage.

3.6 Pressurc-Time Characteristics

- b

are given in Fig. 2b. Within the limits of experimental error the two
gas pressures were e¢qual (and should be so due to the action of the
compensating tef{lon bellows) and therefore only one gas pressure need
be plotted.

The slcpe of the linecar pressure~time curves corresponds very
closely with that which can be calculated from the known current, cylinder
volume, and electro-chemical equivalent of the gases.

The slope of the various segments o{ the pressure-time curve
when divided by the current gives & value of approximately 8.7 psi/
amp~-hr.

3.7 lemperature-Time Characteristics

The interrnal tewmperature of the unit (located con the outside
edge ¢f 2 spacer at the end furthest awav from the basge plate) for the
same cycle is shown in Fig. 3c.

The slope of the temperature time curves can be qualitatively
explained on the basis of a ccmbined transient and steady-state heat
transfer. During the initial portion of both the charge and discharge
periods (the transient state) the majoxr portion of the heat which is
generated is absorbed by the thermal capacity of the fuel cell and there-
fore results in a relatively rapid rise of temperature. During the
latter portion of the above charge and discharge periods, the temperature
of the fuel cell has increased to such a point that the rates of‘heat
generation and transier from the cell are nearly identical. At this

point (the steady-state) the cell temperature is nearly constant with

3070-Q-3
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time. It should be pcinted out that the difference between the steady-
state temperatures for charge and discharge is due to the fact that the
heat generation rates are different for each phase cof the cycle.

3.8 Self-Discharge Characteristics

The purpose of the second cycle was to establish the maximum
charge that the unit could accept and effectively retain. 1In this test,
the unit was charged to the 25 amp-hr level (at which the gas pressures
reached 211 psig) and then placed on stand for 30 hours. During the
first few hours cf this stand (see Fig. 4), there was 8 rapid decline
in gas pressures (signifying self-discharge) from the maximum of 211
psig. After 30 hours, however, the rate of pressure drop had declined
to a very low level. Extrapolation cf the pressure-time curve indicated
a leveling off of gas pressures near 165 psig (correapending to a state
of charge near 20 amp-hrs).  This result signifies that the maximum
charge which the unit can effectively retain is approximately 20 amp-
hrs. The self-discharge from higher states of charge most likely occurs
via diffusion of and subsequent chemical reaction of the gases on the
surfaces of the platinized nickel clectrode.

The unit was subseguently discharged for 15 amp-hrae as described
later in Section 3.11.

3.9 Float Charge Requirements

A series of fleat charge tests was conducted during the latter
portion of this reporting period. The objective of these tests was to
establish the float charge current required to maintain a given state of
charge. The tests were conducted by charging the unit to a given state
of charge at a fast rate (6 armps) and then reducing the current to a low
float charge current and obgerving. the charge in pressure with time over
an extended period of time, Steady-state gas pressures were usually
obtained in 8 period of about 10 hours.

The results of these tests are shown in Fig. 5. The results
indicate that very large float charge currents (in excess of 1 amp) would
be required to maintain pressures greater than 220 psi (corresponding

to a state of charge in excess of 25 amp-hrs). On the other hand, the

3070-Q-3 13
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resultsg indicate that very minute float charge currents {approximately
50 ma) would be required to maintain gas pressures near 165 psig (corres-
ponding to a state of charge near -20 arp-hrs).

3.10 Capacity

The capacity of the unit may be defined as the difference
between the upper state of charge which the unit can maintain effectively
over long periods of time and the lower state of discharge at which point
the terminal voltage begins tc decline rapidly on discharge at reasonable
operating currents of at leagt ! amp or greater,

The upper limit has already been established by the 30 hour
stand test and the series of flecat charge tests. The results indicate
that the upper limit varies from 20 amp-hrs with little or no float charge
to 25 amp-hrs at which point the float charge requirements become
excessive,

The lower linit however, has not clearly been established.

Based on the results of the first 16 cycles (sec Section 3.11), it would
appear that the lower limit is approximately 8 amp-hrs. Based on this
result then, it mav tenrativelv be said that the capacitv of thig unit
with a 50 m.a. flioat charge is approximatelv 15 amp-hrs. There are
indications however that the lower limit may be dependent upeon the initial
flushing and assembly procedures and therefere the above results should
not be considered conclusive. A significant phase ~f the testing

during the latter stages c¢f{ this program will be to establish the factors
that comntrol the lower limit,

3.11 Lower Limit Tests

One series of short cycles (numbers 9, 10 and 11) was conducted
from the point where the lower limit was near 8 amp-hrs. These cvcles
consisted of a 10-minute charge at 5 amps followed by a continuous
discharge at 2 amps until the terminal voltage fell rapidly from its
plateau. The results of the tests indicated an output in terms of amp-
hrs of nearly twice the input. The lower limit is thus seen to decline

by this method of testing,
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These tests add some support to the belief that the lower limit
is caused by an accumulation of inerts within the electrodes, i.e., a
short charge would force the inerts back into the gas chambers and thereby
permit more pure gases to re-enter the cells on subsequent discharge.

The presence of the inerts can be attributed to two possible sources:
the firat is that of the commercial grade hiydrogen and oxygen gases
which were used to flush the cylinders, and the second; that the air
initially in the gas cylinders may have Deen inadequately flushed during
startup.

These factors are currently being studied bv the use of modified
startup techniques. The technique involves the evacuation of the gas
chambers by means of a vacuum pump to 25 inches of mercury vacuum
followed by the introduction of research grade oxygen and prepurified
hydrogen into their respective chambers. The process is repeated five
times at which point it can be shown that the residual air concentration
approaches that of the level of impurities within the high purity gases.
The first cvcle tests after this new startup procedure indicate a
somewhat lower 1imit, however, the vesults will not be conclusive until
additional cvcle tests arec completed.

3.12 Surmary of Cvcle Tests

A surmary of all the cvcle tests conducted on the first proto-
type is presented In Fig. 6. The reason for the selection of the given
cycle depths and the particular sequence of cycles shown in the figure
has been presented in the preceding section. For the sake of complete-
ness however, a review of the cycle tests is presented below.

Cycle No. 1 was a preliminary test to establish the functionality
of the recently completed unit. As indicated, the unit delivered only
7 amp-hrs of the 10 amp-hr input. The inability te discharge further
was attributed tco the low gas pressures (30 psig) near the end of
discharge.

The purposc of Cycle No. 2 was to establish the maximum charge

that the unit could effectively retain and deliver (see Section 3.8),

3070-Q-3 17




29229¢ 4

o1 £-0-0L0f -
AT E e 43BWNN 37040 | -
vz €2 22 12 02 sl 81 Z\ 9l Gl 4 gl 2l y o 6 8 L 9 S v € ¢ _
T T T , S T . a m ! ﬂ Tl A g Ty | PRI 0 -
a'v2'’a 2'a' 2'a o a > a'2'afo2lag 2'a 2'a 2’ oQ@ oK e 2 3 204G 5 Q¢ DA HO34A8 O2'a@ 224G >a 2 a8 OS5 a2
. {oz -
i
How B
P — !
0z 0ol e o 09 |
“ § wn-“< “ ! | N. o—
] P 807, | —1 P
L0 o]l o0k ofe] | M lnrdJ,Mt ” i [
! P _ I o8
: W L A
ogi 323 oo . i P P 3]
_ bglior. m
oGt owl o] o 98} O S0t 01 A 001w -
9¢! , W wn
os gel jvm 86 Ful2) 26| Of 86| Ot by -
Gl GG -102l1 m
-
r 82l
2 > i
- lvel jov! =
o o
- H —
> |- -
2 ! 1091
b Glim
oe: 0
o0z i
SHH- dNV Ol ¥3434 -
Hv8 Ni SHIBNNN 40z2
39HVHOIS!IO - @
394YHD - D -
3000 ——




‘----------

The cycle included a 30 hour stand before discharge pericd which lasted
for 13 amp-hrs. The inability of the unit to discharge further (with
residual gas pressures near (5 psig) was at tfirst attributed to gas
mixing which may have occurred during the self discharge period. In order
to test this theory, the residual gases were vented to the atmosphere

and were replaced with "fresh” hydrogen and oxygen gases from commercial
gas cvlinders. Upon application of a load, the unit was found to dis-
charge an additional 2 amp-hrs. This result adds some support to the
theory of gas mixing but is by pe means conclusive.

Subsequently, a series of 10 amp-hr cycles (cycles 3 through 6)

was initiated in order to cbserve any trend which might develop in

regard to the raising or lowering of the output-input ratfo. As indicated
in Fig. 6, a trend of progressively higher output was noted for each of
the above cycles. At the end of the sixth cycle, the testing process

was interrupted for a two-day period in order to move to a new laboratory.
This move necessitated the relecase of the residual gas pressures. Uponm
reinstallation at the new location, the gases were reapplied and another
12 amp-hr cvele (Nu. 7) was conducted.

Upon consultation with the Technical Monitor, it was decided

to continue cycling at progressively higher inputs. The first such

test consisted of a series of 12 amp-hr cycles (Numbers &, 12 and 13).
The second series was of 1> amp-hr duration (Numbers 14, 15 and 16). As
sindicated in the figure, higher outputs were obtained for higher inputs.
The maximuﬁ output for the 15 amp-hr cycles was 13.8 amp-hrs. This
latter result corresponds to a current efficiency of 92 percent.

The purpose of the series of short cycles Numbers 9, 10 and 11
was to test the theory of '"inert gas buildup” as described in Section

3.11.
Upon further consultation with the Technical Monitor, it was

decided to conduct the {locat charpge tests as described in Section 3.9.

he float charge and subsequent discharge were included in the chart

as cycle No. 17.

3070-Q-3 19




The first series of cycles after the modified startup procedure
are numbers 18 through 24, The results indicate some beneficial effects
in regard to the lowering of the discharge limit, however, the results

will not be conclusive until further tests are conducted.
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4. COMPONENT TESTING

If the-"lower limit" studies establish a method for permitting com-
plete discharge of the unit to the zero state of charge, then the maximum
capacity of the first prototype unit will be approximately 20 amp-hrs.
The latter value of capacity however ig significantly less than the
minimumm design goal of 30 amp-hrs. In addition, if it is found that the
zere state of charge cannot be reached, the resultant capacity of
approximately 15 amp-hrs will be only one-half of the design goal.

The important question arises then as to how the upper limit méy be
increased in order to increcase the overall capacity of the unit to at
least the 30 amp-hr level. More specifically, the question may be
asked as to the cause for the high self-discharge rate beyond the 20 amp-
hr level. One possible answer to this question was presented in
Section 3.8. There it was srepesed that the self-discharge occurved via
diffusion of the gases through the asbestns bed and subsequent chomical
reaction on the platinized nickel electrodes. This answer appears
reagonable in that the asbestos bed is relatively drv and permeable at
the 20 amp-hr state of charge for it has lost approximately cne-halt of
its initial water content bv electrolysis. In addition, it is well known
that hydrogen and oxygen pases do react chemically to form water on
platinum black or rcom temperature.

Further examination of this problem supports this conclusion. The
only other conceivable methods of self-discharre would be gas leaks or
an internal short circuit. Numerous leak tests and stability of pas
pressures at the 100 psi level over extended pericds of timg have
ruled out the possibility of gas lcaks. The known high open circuit
voltage at the high state of charge (approximately 1.0 volts/cell)

combined with the known voltage-current characteristics rules out the
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possibility of an internal short circuit, The answer then nust be
chemical reaction via diffusion through the asbestos bed.

A convenient and simple method for solving this problem appcars te be
the use of a thicker clectrolyte bed. 1t was reasoned that the use of
such a bed would provide additional water for electrolysis and thereby
increase the moisture content of the bed at the higher states of

charge. The increased moisture content as well as the increased bed

thickness would, o course, rceduce the dif ion

L. . Egpe ——
tusion rat

1]
.

and conscguently
the self-discharge rate and thereby permit the maintenance of a higher
state of charge,

The only absclute method for establishing the validity of such an
idea would be to build a new prototype with increased bed thickness and
measure its capacity. This method would, of crurse, be rather time
consuming.

Fortunately, however, it had been noted on previous single cell tests
{when run in the primarv mode) that there were other plienomena asscciated
with the high state of charge. The first of these was erratic discharge

behavior, i.e., {luctuations of woltage on lead. The second of these

was the inabilitw of the bed to withstan

-

@]

a slight pressure dilferential
of less than 1 psi (as corpared with the abilitv to withstand several
psi Iin the unchargred state).

Conscquently, single cells of the first prototvpe were machined to
accormmodate additional lavers of electrolvte Led and the above charac-
teristics werce measured at various statces of charge via the primary
mode of operation. Erratic cell behavior and sensitivity to pressure
differential above the 30 amp-hrs was found with three layers of asbestos
and above 40 amp-hrs with four layers. These results compare with the
sinilarly observed behavior tetween 20 and 25 amp-hrs for the currently
enployed two layers of ashestos. These results then would indicate
that the minimurm design goal of 30 amp-hrs could be attained by the use
of four lavers.

Before the use of the four layers was selected for the final units

however, it was decided to cempare the voltage-current characteristic

3070-Q-3 22




of the four layer cell with the two layer cell of the existing prototype.
Typical discharge voltages at 4.0 amps were found to be approximately
0.75 volts/cell for four layers as compared with 0.80 volts/cell for two
layers., These results indicate very small (6 percent) loss in veltage
would be associated with the use of the two additional lavers. The
decision was therefore made to employ the four layers of asbestos in

each cell of the final unit,
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5. PROBLEM AREAS

One Qf the most severe problem areas that was discovered during the
initial prototype tests was that of the internal electrical shorts. The
short usually occurred in the midst of a charging cycle at which the
terminal voltage was in the S50 to 60 volt range. Disassembly and
examination revealed that the short had occurred across the insulated
negative terminal which passes through the base plate. A black deposit
and discolored metal indicated severe arcing had occurred at this ter-
minal. The cause was traced to the phénolic bushing which insulates
this terminal {rom the base plate. Evidently, over a period of time, this
bushing had absorbed and reacted with some potassium hydroxide solution
from the cell, causing the bughing to be a8 good conductor and leading to
the arcing. The problem was tentatively solved on the prototype bv the
use of nylen bushings (which are inert to the KOH solution) and closer
control over the amcunt of electrolyte added to the cells. The problem
will be resolved on the final units by changiuy the location of the
nezative terminal to the flange on the hydrogen cylinder. This modifi-
caticn would limit the possibility of KOH contamination for this flange
is remote to the cell stack., Tefloun will be used to insulate the lead
passing through the flange.

The phenomena of KOH contamination referred to above may also be a
problenm on the final units. Upon disassembly of the prototype, a slight
water film containing traces of KOH was found (via a test with pheno-
pthalein) on both sides of the base plate as well as on the inside of
both gas cylinders. Although this contamination caused no critical
problem in regard to the operation of the prototype, it would most likely
limit the performance of the final units. The reason for the latter is

that the KOH will corrode the aluminum to form hydrogen resulting in

3070-Q-3 ' *»




both mixing (4if in the oxygen cylinder) and pressure unbalance (if in
either cylinder); both phenomena of which are known to cause diminished
cell performance. |

In order to resolve this problem on the final units, two steps will
be taken. First, the intcrnal surfaces of the cylinders as well as the
base plate will be coated with an alkali resistant finish, e.g., nickel
plate or epoxy coating. Second, much closer control will be kept over
the KOH level within the cells. A slightly lower ratio of th; amount cof
clectrolyte to the amount of asbestos may be used and special care will
be taken in the initial asserbly and preliminary testiag vhen, it is
believed, that the major portion of the contanmination is introduced.

Another problem that has not yet been resolved is that of reproduce-
ability of cell fabrication. As indicated in Section 3.3, the performance
of one of the thirty-one cells (in terms of discharge voltage on load)
was significantly below all of the others. Although there are several
known causes for the above phenomena, the exact cause cannot be singled

out. (Some of these causes are catalyst activity, restricted manifolds,

electrode flooding, and Ligh resistauce contects). Even though a great
deal of care is taken to insure the uniformity of the raw materials,
processing and assembly tecliniques, the problem has not vet been resolved.
The only action which can be taken at the present time in regard to

this problem is to replace the bad cell or cells with new ones. This
problem of course points to the need for developing more selective

component tests such as that for catalyst activity.

3070-Q-3 25




6. CONCLUSIONS
6.1 Power and Voltage

The power ocutput of the first prototype ranges from 28 watts
at 1 amp to 176 watts at 8 amps (for 31 cells). Typical operating
voltages at 30 ma/cm2 arc 0.8 volts/cell on discharge and 1.64 volts/
cell on charge.

6.2 Upper Capacity Limit

The upper capacity limit of this prototype is approximately
20 amp-hrg with little or no f{loat charge. The float charge require-
ments increase rapidly with the state of charge beyond the 25 amp-hr
level at which a float current of approximately 1 amp is required.

6.3 Increasing Capacity

The upper capacity limit mav be sipgnificantly {incressed bhyv the
use of four instead o!f the currently emploved two layers of asbestos
electrolyte bed. The use of four layers would cause a small (6 percent)
reduction in the discharge voltzpe at four amps.

6.4 Lower Discharge Limit

The cause for the inabilitv of the first prctotype to discharge
below the 8 amp-hr level has not as yet been established. A strong
possibility currently under investigation is that of the accumulation
of inert gases within the elcctrodes.

6.5 Cycling Voltages

The charging voltage of the first prototype is relatively constant
(with a few percent) from beginning to end of charge. The discharge
voltage is alsc constant (with a few percent) for the malor portion of
the discharge period, but declines near the end of discharge (the

extent of decline depends on the operating current).

3070-Q-3 2%



6.6 Cycling Temperatures
Internal steady~-state operating temperatures# sre in the range
of 10 to 15°C above room temperature for charge and 15 to 25°C above room

temperature for discharge.

6.7 Prcblem Areas
Important problem areas are internal electrical shorts, KOH

contaminat ion within the cylinders and bage plate, and reproduceability

of cell fabrication.

6.8 Final Unit Development

Fabrication of the first unit is proceeding on schedule.
Agsembly of the first unit should begin early in February 1963. The fuel
cell portions will contain 38 cells in each unit, and each cell will
contain four(4) layers of asbestos with 1.2 gms of ZG‘FKOH/inZ. The
gas cylinders and base plate will be made of aluminum. The latter parts
will be coated with a KOH resistant material. The units should have
upper capacity limits of at least 30 amp-hrs and should digcharge within

the 25 to 35 volt range. Total weight of cach unit will be approxi-

mately 80 pounds.
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7. PLANS POR THE FOURTH QUARTER
The major portion of the activities during the fourth and final
quarter will be devoted to the fabrication of the parts for, and assembly
of, the final units, If all delivery and fabr{ication schedules are met,
the assembly of the first unit should begin in the early part of
Pebruary 1963 and the assembly of the second should begin in the latter
portion of that month. This schedule will allow for a linited smount
of preliminary testing and rework if necessary. ”
Testing of the f{irst prototype will also be continued during this
period. The major objective of these tests will be to evaluate methods

for improving operation at the lower discharge limit.
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